Abstract-A novel miniaturized micro-strip six-port junction is presented. The new structure effectively reduces the occupied area to 25% of the conventional six-port junction due to two open loaded stubs. The design is validated both by using momentum of Advanced Design System and by measurement.
INTRODUCTION
During recent years, there has been great interest in six-port circuits due to their abilities of measuring the phase difference between two input signals by means of power readings at four output ports. Various six-port junctions have been proposed and implemented with distributed transmission lines and lumped elements according to Engen's design criteria [1] [2] [3] [4] [5] , and they have been used in application of wireless communication systems and Radar systems, extensively. In [2] , a novel six-port circuit based on four 90 • hybrid couplers was designed. In [4] , a six-port reflectometer consisting of four 0 • /180 • micro-strip ring couplers was presented. They all have suitable structures but occupy too large area. In [5] , one miniature lumped six-port reflectometer was proposed. However, when the operating frequency goes up, the signal loss due to lumped elements becomes high.
In this paper, a miniaturized six-port junction based on microstrip technology is introduced. It adopts the conventional constitution which is composed of a 3 dB Wilkinson power divider and three 90 • hybrid couplers [6] , but its occupied area is only 25% of that of the conventional case. Simulation and measurement results show that the proposed six-port junction has good performance.
CIRCUIT DESIGN
The schematic layout of the proposed six-port junction is shown in Fig. 1 . It is composed of one miniaturized Wilkinson power divider and three miniaturized 90 • hybrid couplers. They all have λ/4 transmission lines, which utilize two high-low impedance shunt stubs to reduce size. In order to develop a miniaturized six-port junction, the power divider and 90 • hybrid coupler with an equivalent 90 • electrical length should be effectively synthesized. As shown in Fig. 2 , we can easily deduce the relation of Z 0 , θ, Z a , θ a , Z b and θ b [7] . When θ is π/4, we get
where Figure 3. Photo of the six-port junction.
5.5×6.1 cm 2 (in the conventional case it is about 11×12 cm 2 ) substrate with relative permittivity of 2.2 and thickness of 0.508 mm, as shown in Fig. 3 .
SIMULATION AND MEASUREMENT RESULTS
Simulation was accomplished using momentum of Advanced Design System (ADS), which is an electromagnetic wave simulator based on the method of moment (MoM). Measurement was carried out by an Agilent 37377C network analyzer. magnitude of the proposed six-port junction. From the simulated and measured results, we can clearly observe that the transmission coefficients of input ports (5 ∼ 6) to the output ports (1 ∼ 4) is close to the theoretical predicted value −6 dB, and the measured results are less than −6.7 dB, which is a little lower than the simulated result of −6.5 dB at the central frequency. At the same time, it can be noted that the return loss and isolation of the two input ports 5 and 6 are lower than −25 dB at the center frequency 2.4 GHz and lower than −10 dB over the entire operating frequency band of interest (2.2-2.6 GHz), which means that the input ports are well matched and isolated.
The proposed six-port junction has not only good magnitude properties, but also fine phase relationship. 
which indicates that the maximum phase error is less than 1 • . There are some slight differences of magnitude and phase between the simulated and measured results, which may due to the fabrication tolerances and the infinite dielectric and ground planes assumed in the 
CONCLUSION
A novel miniaturized six-port junction based on micro-strip technology is presented.
Owing to the open loaded stubs, the new structure not only has good performance, but also effectively reduces occupied area to 25% of the conventional case. The proposed six-port junction is compact, easy for fabrication and applicable to microwave system applications.
